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1 . $x$ $Sy$ ,
$x$ ( 2 ) . $S(>0)$
. $x$ ,
$\Gamma$




1. . 2 $x$ .
, $x$ , $v(y, z, t)$
$\omega(y, z, t)$
$v=ue_{x}+ \frac{\partial\psi}{\partial z}e_{y}-\frac{\partial\psi}{\partial y}e_{z}$ , (1)
$\omega=-\nabla^{2}\emptyset e_{x}+\frac{\partial u}{\partial z}e_{y}-\frac{\partial u}{\partial y}e_{z}$ (2)
. [ , $e_{x},$ $e_{y},$ $e_{z}$ $x,$ $y,$ $z$ , $u(y, z, t)$
$x$ , $\psi(y, z, t)$ $y,$ $z$ . $\nabla^{2}=\partial^{2}/\partial y^{2}+\partial^{2}/\partial z^{2}$
2 Laplace .
$\sqrt y$ ( $x$ )
$( \frac{\partial}{\partial t}-\nu\nabla^{2})\nabla^{2}\psi-\frac{\partial(\psi,\nabla^{2}\psi)}{\partial(y,z)}=0$ (3)
. $\nu$ . $\psi$
$\psi(y, z, t=0)=-\frac{\Gamma}{2\pi}\ln r$ (4)





$- \nabla^{2}\psi(r, t)=\frac{\Gamma}{4\pi\nu t}\mathrm{e}^{-\eta^{2}}$ (6)
. , $\eta=\frac{1}{2}r(\nu t)^{-\frac{1}{2}}$ , Lamb-Oseen
( ) (Saffman1992 ).
, $\psi$ , $x$ $u$ Navier-Stokes
$( \frac{\partial}{\partial t}-\nu\nabla^{2})u-\frac{\partial(\psi,u)}{\partial(y,z)}=0$ (7)
. , $u$ $|_{j}\mathrm{a}$ ,





. , $\theta$ $(y, z)$
$(y=r\cos\theta, z=r\sin\theta)$ . $f$ $\eta=0$ $rf$ $\mathrm{I}\mathrm{J}$ , $\etaarrow\infty$ $farrow 1$
. Moore (1985) .
2 , Reynolds $Rr=\Gamma/(2\pi\nu)=100$ (10)





(10) Reynolds $R\mathrm{r}=\Gamma/(2\pi\nu)>>1$ Moore (1985)






2. $[(\partial u/\partial r)^{2}+r^{-2}(\partial u/\partial\theta)^{2}]^{\frac{1}{2}}/S$
. $\Gamma/(2\pi\nu)=100,$ $St=2.94$ . .
40 $(\nu \mathrm{t} )^{\frac{1}{2}}$ .





$\Phi(r, \theta, t)=\nu S^{2}+D_{T}+D_{S}$ (I2)
. , $\nu S^{2}$ ,
$D_{T}(r, t)= \nu(\frac{\partial^{2}\psi}{\partial r^{2}}-\frac{1}{r}\frac{\partial\psi}{\partial r})^{2}$ , (13)
$D_{S}(r, \theta, t)=\nu[(\frac{\partial u}{\partial r})^{2}+\frac{1}{r^{2}}(\frac{\partial u}{\partial\theta})^{2}-S^{2}]$ (14)
, . 3 2
$(R\mathrm{r}=100, St=2.94)$ $(D\tau+Ds)/(\nu S^{2})$
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$Z$
3. $(D_{T}+Ds)/(\nu S^{2})$ . $\Gamma/(2\pi\nu)=100$ ,









$I_{0}= \int_{0}^{\infty}\eta \mathrm{d}\eta[\frac{1}{2}|\eta f’|^{2}+\frac{1}{2}\eta(|f|^{2})’+|f|^{2}-1]$ (17)
. Reynolds $R_{\Gamma}=\Gamma/(2\pi\nu)>>1$ $I_{0}$ ( )
$I_{0} \approx 2^{-3}3^{-\frac{2}{3}}\Gamma(\frac{1}{3})(\frac{\Gamma}{2\pi\nu})^{\frac{4}{3}}$ (18)
. $\Gamma$ . (18) 4












. $\Gamma/(2\pi\nu)>>1$ , (18)
$St_{c} \approx 0.623(\frac{\Gamma}{2\pi\nu})^{\frac{1}{3}}$ (21)
. 5 t Reynolds .
, Moore
. $u$




5. $t_{c}$ Reynolds . , (21)
.
. $\nu=0$ (22) , (8)
$u=Sr \cos(\theta-\frac{\Gamma t}{2\pi r^{2}})$ (23)
.
$\theta-\frac{\Gamma t}{2\pi r^{2}}=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ . (24)
. $\triangle r$ # , $\theta$ $\pi$
$r$ ,
$\frac{\Gamma t}{r^{3}}\triangle r\approx\triangle\theta\approx 1$
$r^{3}$
$\triangle r\approx\overline{\Gamma t}$ (25)
.
$\frac{u}{\triangle r}\approx S\frac{\Gamma t}{r^{2}}$ (26)
. , , $r$ (
) , $\triangle r$ # , ,
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$r \approx(\frac{\Gamma}{\nu})^{\frac{1}{3}}(\nu t)^{\frac{1}{2}}$ (27)
. , $\triangle r\approx(\nu t)^{\frac{1}{2}}$ ,
$\frac{u}{\triangle r}\approx S(\frac{\Gamma}{\nu})^{\frac{1}{3}}$ (28)
,
$\nu(\frac{u}{\triangle r})^{2}\approx\nu S^{2}(\frac{\Gamma}{\nu})^{\frac{2}{3}}$ (29)
. , , $r\approx(\Gamma/\nu)^{\frac{1}{3}}(\nu t)^{\frac{1}{2}}$
,
$\nu(\frac{u}{\triangle r})^{2}(\frac{\Gamma}{\nu})^{\frac{2}{3}}\nu t\approx\nu^{2}S^{2}(\frac{\Gamma}{\nu})^{\frac{4}{3}}t$ (30)
. (30) , (19)
. .
$t$ } ,
$O(\Gamma t)$ $t$ .
4.
,
. , Jim\’enez et al. (1993,




$u’,$ $\omega’$ , Kolmogorov $(\nu/\omega’)^{\frac{1}{2}}$
, Taylor $\lambda\approx u’/\omega’$ . Taylor $\text{ }$ Reynolds
$R_{\lambda}=u’\lambda/\nu$ . $R_{\lambda}$ , } $L\approx\lambda R_{\lambda}$ .
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Reynolds , $L^{3}$ ( ) 1
$\frac{\Gamma}{\nu}\approx R_{\lambda}^{\alpha}$ , $\frac{l}{L}\approx R_{\lambda}^{\beta}$
Taylor Reynolds $R_{\lambda}$ . ,
Kolmogorov Burgers ( , Saffinan 1992
) , , $\sigma\approx\omega’$ .
, $0(\omega’)$ , (19)




–$(\nu/\sigma)\cross lL^{3}\approx R_{\lambda}^{\beta-3}$ ,$\frac{\Gamma^{2}\sigma\cross l}{\nu\omega^{2}\mathrm{x}L^{3}}\approx R_{\lambda}^{2\alpha+\beta-3}$ (31)
. , 3 , $L/u’$
$\frac{\nu(\Gamma/\nu)^{\frac{2}{3}}L/u’\cross l}{L^{3}}\approx R^{\frac{2}{\lambda 3}\alpha+\beta-2}$, $\frac{\nu^{2}S^{2}(\Gamma/\nu)^{\frac{4}{3}}L/u’\cross l}{\nu\omega^{2}\cross L^{3}},\approx R^{\frac{4}{\lambda^{3}}\alpha+\beta-2}$ (32)
.
( , 2002) , Reynolds
$\alpha=0.16,$ $\beta=2.26$ . , $\alpha\approx 0,$ $\beta\approx 2$
, , (31) ,
$R_{\lambda}^{-1}$
.
, , (32) ,
$R_{\lambda}^{0}$ . , Reynolds $R_{\lambda}arrow\infty$
, .
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